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[57] ABSTRACT

A high frequency dielectric ceramic composition is
described, said composition being represented by the
formula: Ba(ZrxZnyTa;)07/2— x/2- 3972, wherein
0.02=x=0.13,0.28=y=0.33 and 0.59=z=0.65 (where
X+y-+z=1). The ceramic composition has a complex
perovskite structure, provides a high dielectricity and
high Q value at high frequency and selectively provides
a temperature coefficient of resonant frequency with a
center value of 0 ppm/°C., without using high sintering
temperatures and/or long sintering times.

3 Claims, 10 Drawing Figures
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HIGH FREQUENCY DIELECTRIC CERAMIC
COMPOSITIONS

FIELD OF THE INVENTION

The present invention relates to a dielectric ceramic
composition for high frequency use.

BACKGROUND OF THE INVENTION

The dielectric ceramic has been widely utilized for a
dielectric resonator and MIC dielectric substrate etc.
for use in a high frequency region including microwave
and/or millimeterwave regions.

As the dielectric ceramic for such a purpose, a variety
of materials such as those belonging to ZrQ;—S-
nO;—T1O; type, Ba;TigOy0, (Ba,Sr) (Zr,Ti)O3 type or
Ba0.Zn0.Ta;0s type etc. are known.

Although these materials have superior characteris-
tics in microwave energy of a frequency of around 10
GHz, and having a dielectric constnat (er) of 20 to 40, a
Q of 2,000 to 6,000 and a temperature coefficient of
resonant frequency (77) of around 0 ppm/°C. with the
recent use of higher frequencies, it has been desired to
provide a ceramic having a higher Q value.

For example, materials belonging to Ba(Zn,Ta)O;
type are described in Japanese Patent Application (OPI)
No. 35454/78 in detail (the term “OPI” as used herein
refers to a “published unexamined Japanese patent ap-
plication™). According to this reference a dielectric
ceramic disc having a diameter of 5 mm and thickness of
2 mm obtained by sintering the disc at 1,360° to 1,460°
C. in air for two hours has a dielectric constant (er)
measured from a resonant frequency (around 11 GHz)
and the dimensions the unloaded Q measured by using
the band reflection method and the temperature coeffi-
cient (1) of resonant frequency measured in a range
—30°C. to +70° C,, 250 30, 3,520 t0 3,730 and 5 to 20,
respectively.

The crystal structure of Ba(Zn; s/3Tay/3)03 is dis-
closed in F. Gallasso and J. Pyle “Ordering in Com-
pounds of the A(B'o.33Tag.¢7)03 type”, Inorganic Chem-
istry, vol. 2, No. 3, pages 482-484 (1963). The material
Is a compound with a unit cell having a perovskite
structure of the ABOj; type. Zn and Ta are each B site
lons and are ordered to form a hexagonal superlattice.

FIG. 1 shows the superlattice structure of Ba(Zn,,.
3Taz/3)O3 which is similar to Ba(Sr; /3Taz/3)03 dis-
closed in the above-mentioned paper. In FIG. 1, Zn(1)
and Ta(2) in the B site ions are ordered and in a ratio of
1:2. In the same figure reference numerals 3 and 4 depict
- Ba and O, respectively. |

On the other hand, according to “Microwave Dielec-
tric Materials and their Applications,” the Annual Re-
port of Study Group for the practical use of BaTiO;
material vol. 30 xxx-164-1036, Sept. 11, 1981, the or-
dered structure of Ba(Zn s3Taz/3)0O3 may depend
largely upon the sintering conditions. According to the
report, the ordered arrangement of Zn and Ta can not
be achieved, when sintered at 1,350° C. for about 2
hours, thus failing to improve Q value. When sintered at
the same temperature for 120 hours the ordered ar-
rangement 1Is realized with the Q value being 14,000.
Further, when the material is sintered at 1,650° C. for 2
hours, the Q value thereof becomes 10,000 to 11,000.
This is consistent with the data of FIG. 2, which shows

the dependency of an X-ray diffraction pattern in the
superlattice with sintering time.
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In the first case, i.e. when the sintering temperature is
1,350° C., it is necessary to maintain the temperature for
a time period as long as 120 hours to obtain the ordered
arrangement of Zn and Ta, which is a considerable
obstacle in improving productivity and leads to increase
of manufacturing cost. Therefore this can not be used in
the industrial scale.

In the case where the material is sintered at the higher
temperature, it is possible to obtain the ordered arran ge-
ment of Zn and Ta for a relatively short time. However,
since there is evaporation of Zn at such high tempera-
tures, It 1s impossible to obtain a dense ceramic. That s,
the density is decreased, for example, from 7.7 g/cm3 to
6.5 g/cm?. Therefore, the resultant ceramic cannot be
used with sufficient reliability in humid environments.
Further the sintering furnace itself must be designed
specially to accomodate such high temperatures and

requires a large amount of energy to maintain the high
temperature,

SUMMARY OF THE INVENTION

The inventors conducted research to solve these
problems and have found that an improvement in sinter-
ing conditions and an enhancement of crystallization
can be realized by using a new ceramic composition
having a complex perovskite structure.

Therefore an object of the present invention is to
provide a dielectric ceramic composition for high fre-
quency use, by which a high dielectricity and high Q
value are obtained at high frequency and whose temper-
ature coefficient of resonant frequency can be selected

‘with a center value of 0 ppm/°C., without using high

sintering temperatures and/or long sintering times.

The object of the present invention can be achieved
by a high frequency ceramic composition which can be
represented by the formula: Ba(ZrxZnyTaz)O7/2 - x/2-
—-3p72  wherein 0.02=x=0.13, 0.28=y=0.33,
0.59=2=0.65 (where x+Y+z=1).

It 1s preferable in the present invention that the ce-
ramic generally represented by the above general for-
mula 1s composed of BaO, ZrO,, ZnO and TayOsand 70
atom% or less of Zn is substituted by Ni and/or Co.

It 1s further preferable that the ceramic further con-

tains G.1 to 10.0 mol% of at least one of the lanthanide
oxides having the formula: Me>Os.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows the crystal structure of Ba(Zn;/3Tas,.
3)Os. |
FIG. 2 is a change of structures shown in relation to
the sintering time of Ba(Zn, 73Taz/3)0;.
FIG. 3 is the ternary composition ranges of ZrO,,
Zn0 and TaOs/; according to one of the present com-
positions.

FIG. 4 is electric characteristics of a solid solution of
Ba(Zn|/3Taz/3)03—BaZrO; group.

FIGS. 5(a) and 5(b) are X-ray diffraction patterns of
Ba(Zny/3Ta2/3)03 and Ba(Zrg4Zno.32Tag64)03, re-
spectively.

FI1GS. 6(a) and 6(b) are sketches showing grain sizes
of Ba(Zny/3Taz/3)03 and Ba(Zrg 04Zng 32 Tag.64)03, re-
spectively.

FIGS. 7(a) and 7(b) are diffraction lines of K«1 and
Ka2 due to the (321) plane of the cubic crystals of

Ba(Zn,/3Taz/1)0O; and Ba(Zro.04Zng 32Tap4)03, re-
spectively,
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DETAILED DESCRIPTION OF THE
INVENTION

The ranges of x, y and z in the formula: Ba(Zrx.
ZnyTa;)07/2—x/2-3y/2 determine the properties of the
ceramic. The Q value becomes low when x is smaller
than 0.02 and the temperature coefficient of resonant
frequency becomes large in a positive side when x ex-
ceeds 0.13. The sintering of the ceramic becomes diffi-
cult when y is smaller than 0.28 or larger than 0.33. The

10

sintering becomes difficult when z is smaller than 0.59

or larger than 0.65.

In the case where Zn in Ba(ZryZn,Ta;)O07/2—x/2-
~3y,2 is substituted by Ni and/or Co, the temperature
coefficient of resonant frequency becomes too large in
the negative side when the amount of substitution ex-
ceeds 70 atom%. Therefore the amount should be 70
atom% at most.

As to the amount of lanthanide oxide to be added to
the ceramic, the addition itself has no effect on improve-
ment of the Q value when the amount thereof is smaller
than 0.1 mol% and both the dielectricity and Q value
are lowered when it is larger than 10.0 mol%.

DESCRIPTION OF THE PREFERRED
| EMBODIMENTS

The present invention will be described in detail with
reference to following exampies. |

EXAMPLE 1

High purity (99.8 to 99.9%) BaCO3, ZrO2, ZnO and
TayOs were prepared. Amounts of them were weighed
so that ceramics having the composition shown in Table
| were obtained. Weighed amounts of them, together
with agate stone and pure water were put in a ball mill
having inner wall covered with a rubber layer and wet-
mixed therein for 2 hours. The resultant mixture was
dehydrated, dried and then nominally calcined at 1,200°
C. for 2 hours. Thereafter, the calcined mixture, to-
gether with agate stone, pure water and organic binder,
was put in a ball mill and wet-crushed for 2 hours. The
crushed mixture was dried and passed through a 50
mesh filter to regulate particle size thereof. Resultant
powder was shaped into circular discs, each having a
diameter of 12 mmd and a thickness of 6 mm under a
pressure of 2,000 kg/cm?. The discs were sintered at
1,450° C. for 4 hours, to form the ceramic samples.

The dielectric constant (€), Q at a frequency of 11
GHz and temperature coefficient (77) of resonant fre-
quency of each ceramic sample were measured by the
dielectric resonator method, the result being shown in
the Table 1. In the Table 1, the asterisks (*) mark the
comparative examples.

FIG. 3 shows ranges of respective compositions
7r0y, ZnO and TaOs,,; among the ceramic composi-
tions in which the sample numbers correspond to these
in the Table 1, respectively.

The temperature coefficient (v of resonant fre-
quency is determined according to the following equa-
tions where f>5 and fgs are resonant frequencies at 25° C.
and 85° C., respectively:

(/85 — /25)

1 Af
" (85 - 25)

YT f AT T s

The relation among 74 temperature variation 7€ of
dielectricity (€) and linear expansion coefficient of the

material (a) can be represented by Ty=—3iTEé—a.

15

20

25

30

35

40

43

50

33

00

65

4

Therefore, T€ can be determined when for example, a 1s
measured.

TABLE 1

o —————————————————
Sample Composition . Tf
No. x y oz e Q  (em/C)

I 0.02 0.33 0.65 28.5 7,100 l

2 008 033 0359 27.2 6,400 -— 1

3 0.04 032 054 30.6 10,300 8

4 0.06 031 0.63 30.4 9,900 7

5 0.09 0.30 (.61 30.7 7900 11

6 0.07 028 0.65 31.2 6,300 8

7 0.13 0.28 0.59 32.0 7,000 16

g* 0.06 036 0.58 Not sintered

g% 0.07 025 0.68 Not sintered

10* 0.16 025 0.59 35.0 7,000 30

M

As will be clear from the Table 1, the composition of
Ba(ZrxZn,Ta;)O07/2—x/2—3p/2 €xhibited high dielec-
tricity and good 77. Particularly, the maximum value of
Q thereof became even 10,300.

Some of the comparative examples (Sample Nos. 8 to
10) were impossible to sinter and others had too large 7

to be used practically.

On the other hand, a sample having conventional
composition Ba(Zny/3Tay/3)O3 was prepared similarly
and respective electric characteristics thereof were
measured. Results are shown in a Table 2. For this
composition, however, the reproducibility of dense
ceramics was low and a considerable percentage of
ceramics obtained occupied by these not sintered
enough. |

TABLE 2
Composition € Q (ppm/°C.)
Ba(ZniTaz)O3 284 . 6,700 1

M

The conventional ceramic having a composition of

Ba(Zn1,3Taz/3)O3 and exhibiting the characteristics In

Table 2 may be one of the best ceramics belonging to
Ba(ZnTa)O3type in view of the Q value. Comparison of
Q value of this ceramic having composition of Ba(Znj,.
1Tay,3)03 with the highest Q value of the compositions
in Table 1 (10,300) shows that the present compositions,
Ba(ZrxZn, Ta;)07/2—x/2—3y/2; have Q values improved
by 50%. | |

FIG. 4 shows electric characteristics of a solid solu-
tion of Ba(Zny/3Taz/3)O3 and BaZrOj3 prepared to clar-
ify the effect of ZrO; in the ceramic. It is clear from
FIG. 4, that the Q value becomes high when mol% of
BaZrQs is within the range 0.02 to 0.13.

FIGS. 5(a) and 5(b) show X-ray diffraction patterns
of Ba(Zn/3Tay/3)03 and Ba(Zro04Zng.32Ta0.64)O3, re-
spectively. In FIG. 5(a), a peak 1 at 17.7° is a diffraction
line due to a (100) plane of hexagonal superstructure
and shows the formation of a superlattice. On the other
hand, the diffraction pattern of Ba(Zrg,04Zn0.32T20.6-
4)O3 shown in FIG. 5(b) shows a disappearance of the
diffraction line due to the hexagonal superstructure
shown in FIG. 5(@) and, only a cubic perovskite struc-
ture 1s formed.

In FIG. 5(a), reference numerals 1 and 3 correspond
to a (100) plane and a (002) plane of a hexagonal crystal
showing the formation of superlattice structure, respec-
tively, and 2 and 4 correspond to a (100) plane and a
(110) plane of cubic unit cell, respectively. In FIG. 5(b),
reference numerals 1 and 2 are a (100) plane and a (110)
plane of a cubic unit cell, respectively.
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FIGS. 6(a) and 6(b) are skeiches of SEM figures
showing microstructurai grain growth of Ba(Znj,.
3Ta3/3)03 and Ba(Zrp.04Zng.32Tap 64)O3 after being sin-
tered at 1,500° C. for 4 hours, respectively. From FIGS.
6(a) and 6(b), it is clear that the speed of grain growth is
much increased by adding BaZrQs.

FIGS. 7(a) and 7(b) are K41 and Ky diffraction lines
of cubic (321) planes of Ba(Zni/3Ta/3)O3 and
Ba(Zrg04Zn0.32Ta0.64)03, respectively.

Comparing FIG. 7(a) with FIG. 7(b), it is clear that
K1 and K7 are clearly separated from each other in
the case of the Ba(Zrpo4Znp.32Tag64)O3 composition
and that Zr provides a shortening effect on the sintering
time even under the same sintering conditions.

In FIG. 7(a), reference numerals 1 and 2 represent
K1 line and K3 line of a (321) plane of a cubic crystai
respectively and, in FIG. 7(b), reference numerals 1 and
2 are K1 line and K2 line of (320) plane of a cubic
crystal respectively.

Thus, the crystal structure of the composition
Ba(ZrxZnyTaz)O7/2—x/2—3y/z 18 the simple perovskite
type cubic structure and is distinguishable from

Ba(Zni/3Taz/3)O03 having the superlattice crystal struc-
ture.

Sample
No.

1¥

LA
Of ~1 O * b

10*
1
12
13
14*
15
16
17

18*
19
20
21
22*
23
24
25

26*
27
28
29
30
31
R}

33
34>
33

36

37

38

39

40

41*
42
43

J
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20
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Further since the composition Ba(ZryxZnyTa,.
YO7/2—x/2—3y/s2 exhibits a higher Q value under condi-
tions where the material is sintered at 1,450° C. for 4
hours, there is no need of sintering for such long time as
120 hours which is necessary to obtain a high Q value in
case of Ba(Zn)/3Tay/3)O3. Further, the temperature
coefficient (77) of resonant frequency of the composi-
tion Ba(ZrxZnyTa;)O7/2-x/2-3y2 18 —1 to +16
ppm/°C. and the control of it around 0 ppm/°C. is
considerable in, particularly the positive side.

EXAMPLE 2

High purity (99.8 to 99.9%) BaCO3, ZrO;, ZnO,
Ta0s, NiO and Coy03 were prepared. Amounts of
them were weighed so that ceramics having composi-
tion ratio shown in a Table 3 were obtained. Weighed
amounts of them were treated in the same manner as
that in the Example 1, resulting in ceramic samples.

Dielectric constant (€) at a frequency of 11 GHz, Q
and temperature coefficient (7¢) of resonant frequency
were measured as in Example 1, results being shown in

the Table 3, in which asterisks (*) mark the comparative
examples.

TABLE 3
Substi-
tution
Ba(ZrxZnyTa;)07/2_x/2_3p/2  Amount Tf
X y z (atom %) ¢ Q (ppm/°C.)
0.02 0.33 0.65 0 28.5 7,100 -
" N ! Ni: 5 28.5 7,000 0
' ! Ni: 35 26.8 7,000 —35
" ' Ni: 70 25.3 6,800 — 10
" " _ Ni: 95 23.7 6,600 — 16
0.02 0.33 0.65 Co: 5 28.3 7,100 1
" " " Co: 35 27.6 7,000 —3
' ' Ni: 35 26.4 6,800 —11
. Co: 35 |
a ! Co: 95 259 6,300 — 14
0.08 0.33 0.59 0 27.2 6,400 — 1
" T " Ni: 5 270 6,400 —1
' ' " Ni: 335 26.7 6,400 -4
" ' ' Ni: 70 26.3 6,300 ~17
' N " Ni: 95 259 6,200 —11
N " " Co: 5 27.2 6,400 —1
" '’ Co: 35 26.9 6,500 —4
' ' Ni: 35 26.7 6,300 —8
Co: 35
0.04 0.32 0.65 0 30.6 10,300 8
" " " Ni: 5 304 10,300 7
"’ " ! Ni: 35 28.9 9,900 0
' ' ! Ni: 70 27.5 9,400 7
! X 0.64  Ni: 95 26.0 8,300 - 14
'’ ' ! Co: 5 30.6 10,000 7
' a ' Co: 35 200 9,700 2
! " ' Ni: 35 279 9,300 —35
Co: 35
0.06 0.31 0.63 0 30.4 9,900 7
! '’ ' Ni: 5 30.1 9,900 6
" " o Ni: 35 28.6 9,700 -2
' " ! Ni: 70 27.1 9,300 -8
' " " Co: 35 30.1 9,800 6
i a " Co: 35 28.8 9,600 0
N " ! Ni: 35 27.7 8,900 —8
Co: 35
" " X Co: 95 26.5 7,900 —13
0.09 0.30 0.61 0 30.7 8,300 i
' ' ' Ni: 5 30.5 8,300 11
" '’ Ni: 35 28.8 8,300 4
' Ni: 70 27.5 8,100 —3
! ! Co: 35 304 8,400 11
" N Co: 35 29.5 8,200 6
' ' Ni: 35 27.8 8,200 0
Co: 35
0.07 0.28 0.65 0 31.2 6,300 8
" '’ '’ Ni: 5 30.8 . 6,400 7
' " ' Ni: 35 28.0 6,200 -1
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TABLE 3-continued
Substi-
. tution
Sample Ba(ZryZn,Ta;)07/2_x/2_3y/2 Amount Tf
No. X y z (atom %) € Q (ppm/°C.)

44 " " ' Ni: 70 25.5 5,900 —10
45 " " ' Co: 5 30.7 6,400 7
46 0.07 0.28 0.65 Co: 35 28.5 6,100 0
47 S ’” o Ni: 35 25.8 5,800 —9

Co: 35
48* 0.13 0.28 0.59 0 320 7,000 6
49 ' " N Ni: 5 314 7,000 16
50 " " ' N1: 35 29.1 6,600 8
- 51 " " ' N1: 70 27.0 6,000 — 1
52 " ” " Ni: 95 24.0 5,100 —9
53 N ! i Co: 35 31.8 7,000 15
24 " " " Co: 35 - 29.5 6,600 7
33 " " " Ni: 35 264 6,100 —4

| Co: 35
56* 0.06 0.36 0.58 0 —_— — —
57% " " " Ni: 35 — — —
38* o " i Co: 35 e - —
59% 0.07 0.25 0.68 0 — — —
60* N " " Ni: 35 — — —
61% ' " ! Co: 35 — -— —
62 0.16 (.25 0.59 0 35.0 7,000 30
63* " ' o Ni: 35 3.2 6,300 26
64* ' Y ” Co: 35 340 5,300 28

In the Table 3, Sample Nos. 1, 10, 18, 26, 34, 41 and
48 contain compositions each containing Zn a portion
of which was not substituted by Ni and/or Co.

Sample Nos. 5, 9, 14, 22 and 33 contain compositions
each containing Zn a portion of which was substituted
by Ni and/or Co, the substitution amount exceeding 70
atom%. There is a tendency, for such samples, that the
temperature coefficient of resonant frequency becomes
large in the negative side.

30

X, y and z values of (ZrxZnyTa;)07/2—x/2—3ys2 Of 33

each of Sample Nos. 56 to 64 were out of the ranges
defined by the present invention and for that reason it
was difficult for them to be sintered. No characteristics
of samples 56 to 61 were shown in the table, because it

was impossible to obtain well sintered ceramic samples 40

and so that characteristics of them could not be mea-

sured.

As described hereinbefore, according to the composi-
tion Ba(ZrxZn,Ta;)O07/2x/2--3p72 whose Zn is substi-
tuted by N1 and/or Co, both of the dielectricity and the
Q of the resultant ceramic are high and the temperature

coefficient of resonant frequency thereof can be selec-
tively obtained in either positive or negative side from 0
ppm/°C. Particularly, with the substitution of Ni and-
/or Co for a portion of Zn, it becomes possible to con-
trol the temperature coefficient of resonant frequency in
the negative side.

EXAMPLE 3

High purity (99.8 to 99.9%) BaCO3, ZrO;, Zn0O,
Ta0Os, N10O, Co0y03, Laz0;, CeO;, Smy0O;, Dy;0s;3,
Hoy03 and PrO; were prepared. Amounts of them
were weighed so that ceramics having composition
ratio shown in a Table 4 were obtained and weighed
amounts of them were treated in the same manner as
that in the Example 1, resulting in ceramic samples.
Dielectric constant (¢), Q at a frequency of 11 GHz, and
the temperature coefficient (1) of resonant frequency
were measured as in the Example 1, results being shown
in a Table 4 in which asterisks (¥*) mark the comparative

45 examples.

TABLE 4
Substitu- MerO3
Sample Ba(ZrxZn,Ta;)07/2 _ x/2 _3p/2 tion amount Amount Tf
No. X y z (atom %) Me (mol %) € Q (ppm/"C.)
}* 0.02 0.33 0.65 0 — 0 28.5 7,100 1
2% "’ ' ' Ni: 5 — 0 28.5 7,000 0
R e ' N ' Ni: 35 — 0 26,8 7,000 —5
4 " ' "’ Nt: 5 La 0.1 28.6 7,400 0
5 " " ! Ni: 35 a 1.0 27.0 7,400 —38
6 " ' " Ni: 35 " 1.0 26.7 7,500 —9
Co: 35 |
7 N N " Co: 35 A 10.0 27.8 7,400 0
8* ' " " Co: 93 " 10.0 26.1 6,800 — 12
O* ' i i Co: 35 i 20.0 27.3 5,800 2
10* 0.08 " 0.59 Ni: 35 — 0 26.7 6,400 —4
11 " ' o N1 35 Ce 0.1 26.8 6,800 —8
12 ' ' o Ni: 35 ' 1.0 27.0 7,100 —2
13 a " " Ni: 35 a 1.0 269 7,000 — 3
Co: 35
14 ' " " Co: 35 ! 10.0 27.1 6,500 — 1
5% ' ' Co: 35 ' 20.0 26.1 5,100 2
16* 0.04 0.32 0.64 NI 35 — 0 30.4 10,300 7
| 7* " " " Ni: 35 a 0 28.9 9900 0
|8 "’ " " Ni: 5 Ce 0.1 JO.5 10,600 8
19 " " 3 Ni: 35 " 1.0 20.2 10,700 2
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TABLE 4-continued -

-_—

Substitu- MexO3
Sample Ba(Zr,Zn,Ta;)07/7. x/2—3p/2 tion amount Amount Tf
No. X y Z (atom %) Me (mol %) € Q (ppm/°C.)
20 ' ' ' Ni: 35 N 1.0 28.2 10,000 —_23

Co: 35
21 ' ' ' Co: 35 N 10.0 29.2 9,900 5
22% '’ ! "’ Co: 35 '’ 20.0 28.2 8,200 8
23* 0.06 0.31 0.63 Ni: 35 — 0 286 9,700 —~2
24 ' ' " Ni: 35 Sm 0.1 28.7 9,900 —2
25 ' ' ! Ni: 35 Dy 1.0 28.9 10,600 0
26 N ' N Ni: 35 Ho 1.0 28.0 9,600 —35

Co: 35
27 ' ' '’ Co: 35 Pr 10.0 29.0 9,700 3
28* "’ N " Co: 35 Sm 20.0 280 7,800 7
20% 0.09 0.30 0.61 Ni: 5 — 0 30.5 8,300 11
30* ' '’ " Ni: 35 ' 0 28.8 8,300 4
31 '’ "’ '’ Ni: 5 Sm 0.1 30.6 8,700 [
32 ! ' Y Ni: 35 La (.5 291 9,100 6

Ce 0.5

33 o ' " Ni:35 ' Ho 0.5 28.2 9,200 2

Co: 35 Pr 0.5
34 ' " " Co: 315 Sm 10.0 29.7 8,400 8
35# N ' ' Co: 35 i 20.0 288 6,900 14
36* 0.07 0.28 0.65 Ni: 35 — 0 28.0 6,200 —1
37 ' " ' Ni: 35 Sm 0.1 28.2 6,900 0
38 ' N ' Ni: 35 ' 1.0 28.3 7,000 |
39 " ' ' Ni: 35 ' 1.0 26.2 6,600 —6

Co: 35
40 ' N ' Co: 35 ; 10.0 28.8 6,400 3
41* o ' ' Co: 35 N 20.0 27.6 5,100 7
42% 0.13 0.28 0.59 Ni: 5 —_ 0 31.4 7,000 16
43%* " "’ " Ni: 35 ; 0 29.1 6,600 8
44 ! ‘! ' Ni: 5 Sm 0.1 31.5 7,400 16
45 ’’ ! ' Ni: 35 ' 1.0 31.7 7,300 9
46 " " ' Ni: 35 " 1.0 267 7,000 0

Co: 35
47 ' ' ' Co: 35 ' 10.0 29.7 6,800 9
48* ' ' ' Co: 35 ' 20.0 28.6 5,300 14
49% 0.06 0.36 0.58 0 - 0 — —_ —
50% " " " Ni: 35 Sm 0.1 — — —
51* " " ' Co: 35 " 1.0 29.6 1,200 — 12
52% 0.07 0.25 0.68 0 — 0 — — —
53* ' ' ' Ni: 35 Sm 0.1 — — —
54* ' N ‘! Co: 35 " 1.0 23.5 2,300 20
55% 0.16 " 0.59 0 — 0 35.0 7,000 30
56* " " N Ni: 35 Sm 0.1 334 6,500 - 28
57* ' ' ' Co: 35 N i.0 344 5,800 30

In Table 4, each of Samples 1, 49, 52 and 55 has a2
composition in which a portion of Zn was not substi-
tuted by Ni and/or Co.

Sample 8 has a composition in which a portion of Zn
was substituted by Ni and/or Co, the amount of substi-
tution exceeding 70 atom%. This sample exhibits a ten-
dency that the resonant frequency (7) becomes large in
the negative side.

Each of Samples 1, 2, 3, 10, 16, 17, 23, 29, 30, 36, 42,
43, 49, 52 and 55 did not contain a lanthanide oxide
(Me>O3). .

Each of Samples 9, 15, 22, 28, 35, 41 and 48 contain 10
mol% or more of Me;O3 and have low dielectric con-
stant and Q. |

Each of Samples 49 to 57 has a composition Ba(Zr,.
£nyTa,)07/2_ x/2-3y/2 in which x, y and z are out of the
ranges of the present invention. These samples were
Impossible to sinter or the characteristics thereof were
low grade.

There are no characteristics shown for Samples 49,
50, 52 and 53. For those samples, it was impossible to
obtain well sintered ceramics, i.e., it was impossible to
measure their characteristics.

In this embodiment, Me;Q3, i.e., a lanthanide oxide, is
shown as including 1.a;Qs, CeO2, Smy03, Dy,0s,
Ho0;03 and PryO3. However it has been confirmed that
when Me;03 has the lanthanide oxide other than the

45

30

55

60

65

abovementioned oxides, the same results as those de-
scribed above can be provided.

As described in detail, according to the composition
represented by Ba(ZrxZn,Ta;)O7/2_x/2—3,/2 in which
Zn 1n substituted by Ni and/or Co and further contain-
ing lanthanide oxide, a high frequency dielectric ce-
ramic composition is obtained, which has a high dielec-
tric constant and exhibits a high Q value due to the
addition of lanthanide oxide. By suitably selecting the
substitution amount of Ni and/or Co, the temperature
coetficient at resonant frequency can be selectively
determined in either the positive or negative side from 0
ppm/°C.

Therefore, the dielectric ceramic according to the
present invention can be effectively applied to the di-
electric resonator, the dielectric regulating rod and the
dielectric substrate for MIC, etc.

Further, it has been confirmed that the compsition
represented by (Baj._,Sry) (ZrxZnyTaz)07/2 - v/ - 3p/2
or Ba(SnyZn,; Ta;)07/2_ /7 _ iy/2 provides effects analo-
gous to those of the composition of the present inven-
tion.

While the invention has been described in detail and
with reference to specific embodiment thereof, it will be
apparent to one skilled in the art that various changes
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said composition having a Q value significantly en-
hanced by the inclusion of Zr.
ing from the spirit and scope thereof. 2. The high frequency dielectric ceramic composition
| of claim 1, wherein at most 70 atom% of Zn is substi-

_ ‘ ‘ o o 5 tuted by Ni, Co or mixtures thereof.
1. A high frequency dielectric ceramic composition, 3. The high frequency dielectric ceramic composition

said composition being represented by the formula: of claim 2, wherein said composition further contains
. . < 0.1 to 10.0 mol% of at least one of the lanthanide oxides
Ba(ZryZn,Ta;)07/2—x/2—3p/2, Wherein 0.02=x=0.13, having the formula: Me;O3.

0.28=y=0.33 and 0.59=z2=0.65 (where X+vy+z=1), 10 k k% ok ok

and modifications can be made therein without depart-

What is claimed is:

15
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